Background: Helicobacter pylori infection is associated with variable clinical outcomes, including gastroduodenal diseases, and genetic factors may be relevant in this process. Aims: We investigated the effects of an interleukin 8 (IL-8) gene polymorphism on the risk of gastroduodenal diseases, the degree of H pylori induced gastritis, and IL-8 gene transcription. Subjects: The study was performed in 244 healthy control subjects and 690 H pylori positive patients with non-cardia gastric cancer, gastric ulcer, duodenal ulcer, or gastritis. Methods: We identified the IL-8 2251 A/T polymorphism by direct sequence analysis, and measured the gastritis score and serum pepsinogen (PG). The transcriptional promoter activity of the IL-8 gene was assessed by luciferase assay. Results: IL-8 2251A was associated with a higher risk of gastric cancer and gastric ulcer. Patients carrying IL-8 2251A showed an increased risk of gastric cancer (odds ratios (OR) 2.01 (95% confidence interval (CI) 1.38-2.92)) and gastric ulcer (OR 2.07 (95% CI 1.37-3.12)). Compared with patients younger than 49 years, atrophy and metaplasia scores in the antrum were significantly higher and the PG I/II ratio significantly lower in 2251A carriers than in T/T carriers. In the in vitro assay, IL-8 2251A showed enhanced promoter activity in response to IL-1b or tumour necrosis factor a. Conclusions: The IL-8 2251A allele may be associated with progression of gastric atrophy in patients with H pylori infection, and may increase the risk of gastric cancer and gastric ulcer in Japanese people.
H elicobacter pylori, a bacterium that infects the stomach of humans, is strongly associated with gastroduodenal diseases such as chronic atrophic gastritis, 1 2 peptic ulcer, [3] [4] [5] and gastric cancer. [6] [7] [8] Although H pylori has been classified as a carcinogen in human, 6 the incidence of gastric cancer is paradoxically low in countries such as Nigeria, Thailand, and India in spite of the high prevalence of H pylori infection. This phenomenon has been referred to as the African enigma 9 or the Asian enigma. 10 From these findings, it is suggested that H pylori infection does not always associate with the risk of gastroduodenal diseases, and some genetic factors of the host are considered to be related to the variety of clinical outcomes induced by H pylori. Recently, some reports have identified polymorphisms of cytokine genes activated by H pylori infection as a host genetic factor. El-Omar et al reported that gene polymorphisms of interleukin 1b (IL-1B) and its receptor antagonist (IL-1RN) were associated with an increased risk of gastric cancer and hypochlorhydria in Caucasian populations from Poland and Scotland. 11 Moreover, Machado et al proposed a similar association with gastric cancer in a population from northern Portugal. 12 More recently, El-Omar et al reported that the proinflammatory genotypes of tumour necrosis factor a (TNF-a) and IL-10 significantly increased the risk of noncardia gastric cancer, and that carriage of polymorphisms of multiple proinflammatory cytokines such as IL-1B, IL-1RN, TNF-A, and IL-10 was also associated with a greater risk of gastric cancer. 13 However, according to several recent reports in Japanese people, [14] [15] [16] it is hard to explain the risk of gastric cancer in Japan solely by IL-1B polymorphisms.
Interleukin 8 (IL-8) plays an important role in the pathogenesis of H pylori infection. IL-8, a major host mediator inducing neutrophil chemotaxis and neutrophil activation, 17 is produced by gastric epithelial cells as an early response to H pylori infection. IL-8 is also considered to attract and activate phagocytes and cause mucosal damage by releasing reactive oxygen radicals. 18 At present, it is suggested that mucosal IL-8 production due to H pylori infection may be an important factor in the immunopathogenesis of peptic ulcer diseases and may also be relevant in gastric carcinogenesis. 19 Concerning host genetic factors, Hull et al reported an association between respiratory syncytial virus bronchiolitis and the IL-8 2251A allele in UK families. 20 Since the report by Hull et al, others have shown the effects of this allele on inflammatory diseases such as systemic lupus erythematosus nephritis 21 and enteroaggregative Escherichia coli diarrhoea. 22 However, there has been no report on a possible relation between the IL-8 gene polymorphism (IL-8 2251A/T) and H pylori induced gastroduodenal diseases.
Therefore, the objective of this study was to investigate the effects of IL-8 2251A on the risk of H pylori related gastroduodenal diseases such as gastric cancer and peptic ulcer diseases in Japanese patients. We also wished to assess its association with the degree of H pylori induced gastritis and the serum pepsinogen (PG) I/II ratio, a marker of gastric atrophy. 23 24 In addition, we examined the effect of this polymorphism on IL-8 gene transcription activity in a human gastric cancer cell line by luciferase assay.
METHODS

Subjects
We evaluated the IL-8 2251A/T polymorphism in a hospital based case-referent study. The characteristics of the subjects are listed in the table 1. Subjects in the case group were all Japanese and recruited from inpatients in the gastroenterology section of the University Hospital of Tohoku University School of Medicine (Sendai, Japan) from September 2000 to April 2004. A summary of the study design is shown in fig 1. A total of 1172 subjects were admitted and underwent endoscopy; the diagnoses were gastric cancer (n = 281), gastric ulcer (n = 272), duodenal ulcer (n = 206), or gastritis (n = 413). All patients were tested for H pylori infection, and 885 H pylori positive patients were enrolled in the study because we focused on the effects of IL-8 2251A on the risk of H pylori related gastric diseases. Patients with cardia cancer or diffuse-type cancer 25 were excluded. The histological diagnosis of gastric cancer in this study was entirely the intestinal-type, 25 which usually develops on a background of severe atrophic gastritis. 26 Patients who had received nonsteroidal anti-inflammatory drugs were also excluded, and peptic ulcers caused simply by H pylori were included. Patients were excluded from this study if they refused to be genotyped. A diagnosis of gastritis was based on negative results for macroscopic lesions such as ulcer and cancer but positive for H pylori gastritis by histology or by serology showing antibodies against H pylori. For genotyping, 690 H pylori positive patients (436 men and 254 women; mean age 61.4 years (range 20-87)) with non-cardia gastric cancer (n = 212; located at the corpus and antrum, n = 112 and n = 100, respectively), gastric ulcer (n = 153; located at the corpus and antrum, n = 79 and n = 74, respectively), duodenal ulcer (n = 130), or gastritis (n = 195) were assessed. Among 690 patients, 552 patients were assessed by histological examination and serological evaluation. In 138 subjects, endoscopic biopsy could not be performed due to the presence of concurrent medical conditions.
The control group consisted of healthy volunteers with no clinical history of gastroduodenal diseases from among Japanese medical students of Tohoku University School of Medicine. From September 2000 to April 2004, 377 volunteers were enrolled, and 244 subjects were randomly selected and genotyped (control 1). In addition, we used a second set of 102 control individuals (control 2) for further validation of the findings. Informed consent was obtained from all subjects. The study protocol was approved by the Ethics Committee for Human Research of Tohoku University School of Medicine.
DNA extraction and sequencing condition
Genomic DNA was extracted from EDTA anticoagulated peripheral blood leucocytes using a commercially available kit (QIAamp DNA mini kit; Qiagen, Tokyo, Japan). IL-8 2251A/T was genotyped by direct sequence analysis. Firstly, Touchdown polymerase chain reaction (PCR) was carried out. Reaction mixtures consisted of 0.5 mg DNA, 0.25 units Taq polymerase (Takara, Osaka, Japan), 2 mM Tris HCl, pH 8.0, 10 mM KCl, 2 mM MgCl 2 , 200 mM each of dATP, dTTP, dGTP, and dCTP, and 20 mM each of forward and consensus primers. DNA samples were amplified in a GeneAmp PCR system 9600 (Perkin-Elmer, Foster City, California, USA) with cycling parameters as follows: one minute at 96˚C followed by five cycles of 94˚C for 30 seconds, 72˚C for two minutes, followed by five cycles of 94˚C for 30 seconds, 70˚C for 20 minutes, followed by 25 cycles of 94˚C for 30 seconds, and 68˚C for two minutes. The PCR primers were designed based on published IL-8 gene sequences (GenBank accession No: AF385628). For the forward and reverse primers, GCT GGC TTA TCT TCA CCA TCA TGA TAG and GAG CCA CGG CCA GCT TGG AAG TCA TG were used, respectively. The primer set produced a PCR product of 542 bp. This product was sequenced with the ABI Prism Dye Terminator Cycle Sequencing kit (Perkin-Elmer) according to the manufacturer's instructions using the sequence primer AAC ACC TGC CAC TCT AGT AC, and IL-8 2251A/T was typed using an the ABI 3100 sequencer (Perkin-Elmer). Genotyping of the IL-8 2251 was performed by two independent observers (MO and AI).
Histological examination and serological evaluation
Biopsy specimens were taken from the antrum and corpus along the greater curvature from grossly non-pathological mucosa. These specimens were used for the rapid urease test, bacterial culture, and histological assessment of gastritis. The degrees of inflammation, activity, atrophy, and metaplasia were assessed according to the updated Sydney system, 27 and scored from 0 (normal) to 3 (marked). The PG I/ II ratio was calculated based on the data of serum PG I and PG II levels measured by radioimmunoassay. A PG I/II ratio that showed 23 24 was used as a marker of atrophic gastritis.
H pylori infection was screened by histological examination, the rapid urease test, or antibodies against H pylori. Patients were diagnosed as H pylori positive if one or more of these diagnostic methods was positive.
Luciferase assay
The human gastric cancer cell line AGS was purchased from American Type Culture Collection (Manassas, Virginia, USA) and maintained in medium consisting of F-12 (Invitrogen, Carlsbad, California, USA) supplemented with 10% heat inactivated fetal bovine serum, 2 mM glutamine, 100 U/ml penicillin G, and 100 mg/ml streptomycin.
Firstly, we constructed firefly luciferase reporter gene vectors (pGL3-basic; Promega, Madison, Wisconsin, USA) which included IL-8 promoter regions (2317 to +7) with 2251A or T, pGL3-IL8-A, and pGL3-IL8-T. The inserted promoter regions had no mutation when checked by direct sequence analysis. We also used the plasmid pRL-TK (Promega) encoding the Renilla luciferase gene as a background control. For the luciferase assay, AGS was transfected with 2 mg of pGL3-IL8-A or pGL3-IL8-T luciferase vector using FUGENE6 reagent (Roche, Indianapolis, Indiana, USA). After incubation with the vector for 24 hours, IL-1b (final concentration 10 ng/ml; Roche) or TNF-a (final concentration 5 ng/ml; Roche) was added separately. After an additional incubation with IL-1b for eight hours or with TNF-a for 24 hours, luciferase activity in cell extracts was measured using the Dual-Luciferase Reporter Assay System (Promega). Light intensities were measured using a model Lumat LB9507 luminescence reader (EG&G Berthold, Bad Wildbad, Germany). Relative luciferase activity was calculated by normalising luciferase activity to control Renilla luciferase activity, and the relative transcriptional activity was expressed as the percentage of luciferase activity compared with that of non-stimulated cells. We assayed luciferase activity five times independently to obtain high reproducibility and exclude errors.
Statistical analysis
The Hardy-Weinberg equilibrium of the IL-8 gene allele was assessed by x 2 statistics. Differences in the frequency of IL-8 genotypes among gastric cancer, gastric ulcer, duodenal ulcer, or gastritis patients and controls were determined by the x 2 test using a 362 contingency table. The individual genotype was analysed using a 262 contingency table with Fisher's exact test, and the odds ratio (OR) with 95% confidence interval (CI) were calculated. Differences in gastritis scores and PG I/ II ratio between the two groups of IL-8 genotypes (A carriers including A/T and A/A, and T/T) were examined by the Mann-Whitney U test. A p value ,0.05 was considered statistically significant. The computer *A/T of GC versus T/T of control: p = 0.0005. ÀA carrier of GC versus T/T of control: p = 0.0004. A/T of GU versus T/T of control: p = 0.0053. 1A/A of GU versus T/T of control: p = 0.0033. ôA carrier of GU versus T/T of control: p = 0.0007. *A/T of GC versus T/T of control: p = 0.011. ÀA carrier of GC versus T/T of control: p = 0.028. A/T of GU versus T/T of control: p = 0.037.
1A carrier of GU versus T/T of control: p = 0.030. program StatView for Windows version 4.54 was used for statistical analysis. Table 2 shows IL-8 2251 genotype frequencies in control subjects and H pylori positive patients with gastric cancer, gastric ulcer, duodenal ulcer, or gastritis. The IL-8 2251 genotype of control subjects showed no evidence of deviation from the Hardy-Weinberg equilibrium, with a non-significant x 2 value (x 2 1 = 0.04, p = 0.85). There were significant differences in genotype distribution between control and gastric cancer (p = 0.0012) or gastric ulcer (p = 0.0007) by the x 2 genotype frequency heterogeneity test using a 362 contingency table. The IL-8 2251A allele frequency was higher in subjects with gastric cancer and gastric ulcer compared with controls. To further investigate individual genotype differences, we performed Fisher's exact test using a 262 contingency table. It was estimated that the IL-8 2251 A/T genotype had a significantly higher risk of gastric cancer (OR 2.02 (95% CI 1.37-2.97); p = 0.0005) and gastric ulcer (OR 1.88 (95% CI 1.22-2.89); p = 0.0053) (table 2). The IL-8 2251 A/A genotype was significantly more frequent in patients with gastric ulcers (OR 3.49 (95% CI 1.55-7.86); p = 0.0033). No significant increase was observed in the risk of gastric cancer for the IL-8 2251 A/A genotype, probably because of the small number of cases with this genotype. When IL-8 2251A/A and A/T were considered together as 2251A carriers, their risk of gastric cancer and gastric ulcer was significantly higher (OR 2.01 (95% CI 1.38-2.92), p = 0.0004 and 2.07 (95% CI 1.37-3.12), p = 0.0007), respectively) (table 2). In contrast, no such association was observed in patients with duodenal ulcer or gastritis. We investigated the IL-8 2251 polymorphism in a second set of control individuals for further validation of the findings (table 3) . A similarly significant correlation was also demonstrated between the second control and cases of gastric cancer or gastric ulcer.
RESULTS
IL-8 2251 genotype
Effects of IL-8 2251 polymorphism on gastritis scores and serological evaluation
When antral atrophy was evaluated according to the ages of the patients it was found that IL-8 2251A carriers showed a significantly higher atrophy score than that of patients with the T/T genotype in the group of patients younger than 49 years (p = 0.028) (table 4) . Moreover, the metaplasia score of the antrum was also substantially increased in the 2251A carrier group in this generation compared with the T/T genotype group (p = 0.038) (table 4). No significant differences in these scores were found in the patients older than 50 years old. Other scores such as inflammation and activity were not significantly different between the 2251A carrier and T/T carrier groups (data not shown). The PG I/II ratio showed a tendency to decrease with age in both the 2251A carrier and T/T carrier groups, and was lower in 2251A carriers in all generations. In particular, the PG I/II ratio was significantly lower in the 2251A carrier group than in the T/T group only in patients younger than 49 years old (p = 0.039) (fig 2) .
Transcriptional promoter activity of the IL-8 gene
We performed the luciferase assay to assess whether IL-8 2251A/T influences the transcriptional promoter activity of the IL-8 gene in response to IL-1b or TNF-a (fig 3) . Relative transcriptional activity was expressed as percentage of luciferase activity compared with unstimulated cells (% rest), as shown in fig 3. When stimulated with IL-1b, the IL-8 2251A promoter showed significantly higher luciferase activity than the 2251T promoter (p = 0.021) (fig 3) . Similarly, TNF-a induced promoter activity was higher in the 2251A allele than in the 2251T allele although the difference was not statistically significant (p = 0.073) (fig 3) .
DISCUSSION
We have shown that the IL-8 gene polymorphism at position 2251 is associated with the risk of gastric cancer and gastric ulcer in Japanese patients with H pylori infection. Allele frequency of IL-8 2251A was higher in patients with gastric cancer or gastric ulcer than in those with duodenal ulcer or gastritis.
Regarding the histopathological differences in gastritis between gastric cancer, gastric ulcer, and duodenal ulcer, Correa has proposed that there are possibly two main pathways of clinical outcomes as a result of H pylori infection. 28 One pathway is characterised by diffuse antral gastritis in which the mucosa is infiltrated by lymphocytes and plasma cells. This type of gastritis is typically shown in duodenal ulcer patients 29 who are considered to be at no increased risk of gastric cancer. 30 The other pathway is characterised by remarkable infiltration of neutrophils with severe damage to the surface epithelium, which may lead to multifocal atrophic gastritis. Some patients with atrophic gastritis develop gastric ulcers, or (and) dysplastic changes associated with gastric cancer. IL-8 is strongly associated with neutrophil activation in H pylori infection. In the present study, we have shown that the promoter activity of IL-8 2251A in response to IL-1b or TNF-a was enhanced compared with 2251T. This finding suggested that IL-8 2251A transcription is activated more strongly, leading to more active gastritis with a strong neutrophil infiltration. Considering Correa's hypothesis, gastritis of IL-8 2251A carriers may lead to atrophic gastritis and the development of gastric ulcers or (and) gastric cancer but is less likely to lead to duodenal ulcers. With regard to the association between gastric cancer and gastritis, Uemura et al have reported that severe gastric atrophy, corpus predominant gastritis, and intestinal metaplasia are strong risks for the development of gastric cancer. 7 Correa et al have also reported that gastric atrophy and hypochlorhydria are strong risk factors for the development of gastric cancer. 28 31 On the other hand, Schultze et al reported that antral atrophy and metaplasia were associated with an increased risk of gastric ulcers. 32 The aetiological factors of gastric cancer are known to associate positively with gastric ulcers 33 and a low PG I/II ratio is a major risk factor for gastric ulcers. 34 In particular, Japanese patients with gastric ulcers are considered to present with a higher proportion of atrophy and intestinal metaplasia. 35 36 Our findings suggested that IL-8 2251A may be related to the severity of gastric atrophy before 50 years of age because of the more strongly activated IL-8 gene transcription, and may increase the risk of developing gastric atrophy associated diseases such as gastric cancer and gastric ulcers in patients with H pylori infection.
Furthermore, it is well known that a polarised T helper 1 (Th1) immune response occurs in H pylori infection. 37 IL-8 production stimulated by H pylori may induce proinflammatory Th1 cytokines such as TNF-a , interferon c, and IL-1b. Chronic gastritis with a Th1 dominant immunological appearance has been reported to cause gastric atrophy and metaplasia in an H felis infected mouse model. 38 Thus a high producer of IL-8 may induce Th1 dominant chronic gastritis which may then be followed by the development of gastric ulcers and gastric cancer. In addition, neutrophils induced by IL-8 synthesise active radicals such as nitric oxide. 18 These radicals have mutagenic potential, 39 which could cause mutations in gastric epithelial cells. Activated IL-8 gene transcription by IL-8 2251A would induce oxygen radicals, which would be one of the important factors in gastric carcinogenesis.
We have shown that IL-8 2251A is associated with progression of gastric mucosal atrophy. In patients younger than 49 years, the 2251A carrier group showed significantly higher scores for antral atrophy and antral metaplasia, and a lower PG I/II ratio, a marker of atrophic gastritis, 23 24 than the T/T group. Several studies have shown that long term exposure to H pylori is a significant risk factor for the progression of atrophic gastritis, [40] [41] [42] hypochlorhydria, 43 and intestinal metaplasia. 1 In this respect, IL-8 2251A may be considered a factor that promotes gastric mucosal atrophy. In the eldest group of patients, progression of gastric atrophy may be terminated because of the development of complete intestinal metaplasia, possibly because of the influence of long term H pylori infection. Therefore, this may be the reason why there were no significant differences in gastric atrophy between A carriers and T/T carriers in the oldest group of patients. At the same time, we divided subjects into four age groups and performed a relatively large number of statistical tests in which a conventional significance level of p = 0.05 was used without adjustment for multiple comparisons. Such procedures may have increased the likelihood of observing spurious associations for a subgroup of subjects. Therefore, our results in the age specific analyses need to be interpreted cautiously.
Concerning host genetic factors, Thye et al performed a genome wide linkage analysis to identify the genetic factor for the prevalence of H pylori infection, which was defined by serum concentrations of H pylori reactive IgG, 44 and suggested the presence of a possible linkage with chromosomes 4 and 6. Indeed, the human IL-8 gene is located on chromosome 4 (4q13-q21). Thus the results of their linkage analysis may support our finding that the IL-8 gene polymorphism is actually associated with H pylori induced gastroduodenal diseases. In the first instance, we investigated whether polymorphisms exist around the 59-flanking region of IL-8 gene from 2650 to +50 by direct sequence analysis of 30 control subjects (data not shown). However, we could not find any polymorphism except for IL-8 2251A/T. Based on this result, we believe that IL-8 2251A is one of the major disease susceptibility factors for gastric cancer and gastric ulcer in Japanese patients.
We did not directly investigate whether gastritis with excess production of IL-8 produces gastric atrophy but it is possible that IL-8 2251A may be one of the major host factors for the progression of gastric mucosal atrophy. The IL-8 promoter contains multiple regulatory transcription factor binding sites. A novel IL-8 expression pathway induced by nickel subsulphide has been reported. 45 In this pathway, regulating factors contain binding sites such as GATA (2248 to 2245) and C/EBP (2246 to 2233). When the allele at position 2251 of IL-8 is ''A'', the sequence around the 2251 region conforms to the binding motif of C/EBP. 46 The sequence of the IL-8 promoter region around 2251A may contain the binding site of C/EBP. Further studies are necessary to clarify the IL-8 expression pathway through this region.
In conclusion, the present study demonstrated that IL-8 2251A was associated with higher IL-8 gene transcription activity and the development of gastric mucosal atrophy in H pylori infected patients less than 50 years of age, and this allele may increase the risk of gastric cancer and gastric ulcer in the Japanese population. If the IL-8 gene polymorphism shows variation in different ethnic groups, it could be important in explaining the racial differences in the prevalence of H pylori related diseases such as gastric cancer. Further studies on genetic factors are necessary to clarify this issue.
